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Abstract 
 Over the past several decades, expanding eastern red cedar (Juniperus viginiana) 
populations have altered prairie and grassland ecosystems in the Great Plains, causing a 
reduction in livestock grazing capacity. This study examined the effects of eastern red 
cedar removal on cattle forage coverage located on private property in northeastern 
Nebraska. An analysis of collected field data obtained using a line intercept method in a 
control and an experimental plot was performed on Elymus canadensis (Canada wild 
rye), Poa pratensis (Kentucky bluegrass), and Bromus inermis (smooth brome), three 
common grassland species that serve as forage for cattle.   
 
 Results show Canada wild rye responded negatively to the eastern red cedar 
removal, with a coverage declining from 58 cm in 2012 to 0 cm in 2014. Kentucky 
bluegrass initially responded negatively, declining from 1161 cm in 2012 to 217 cm in 
2013, but responded positively in 2014, increasing to 414 cm. Smooth brome also 
experienced a similar response to cedar removal, declining from 736 cm in 2012 to 42 cm 
in 2013, but increasing to 234 cm in 2014.  
 
 Statistical variances were not analyzed, which would help determine the 
magnitude of the effects the removal had on forage species, if any. Further data collection 
and analysis are needed to more accurately determine whether or not forage coverage will 
continue to increase and exceed the initial coverage recordings in 2012 with the Eastern 
red cedar present and provide an economic return for the ranchers.  
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The purpose of this study was to analyze riparian vegetation data to determine the 
effects of the removal of Juniperus viginiana (eastern red cedar) from riparian woodlands 
on the livestock forage species of Elymus canadensis (Canada wild rye), Poa pratensis 
(Kentucky bluegrass), and Bromus inermis (smooth brome).  The encroachment of the 
woody species can dominate landscapes, creating monoculture-like plant communities 
with little plant and wildlife diversity (Smith, 2011). In dense stands, Eastern red cedar 
inhibits understory plant growth reducing livestock forage and productivity.  
Recognizing the potential effects of eastern red cedar on grassland ecosystems, 
this study compares the presence of Canada wild rye, Kentucky bluegrass, and smooth 
brome in experimental and control plots in an effort to gain a better understanding on 
how these species are responding to their removal. It was hypothesized eastern red cedar 
removal will result in an increase in the coverage of Canada wild rye, Kentucky 
bluegrass, and smooth brome. If this relationship is true, livestock forage will be 
increased as a result of cedar removal. In contrast, the null hypothesis developed for this 
study is eastern red cedar removal will result in no change in coverage of each of the 
three study species.   
 
Literature Review 
 
Mesic grasslands (tall-, mixed-, and short-grass prairies) of the central United 
States were historically fire-maintained ecosystems, with recurrent fire creating a 
landscape nearly devoid of woody vegetation (Tester, 1996). Due to human suppression 
of fire, however, fire frequency has decreased, resulting in an alteration in vegetation 
communities, especially the presence and expansion of wood plant species. The density, 
biomass and stature of trees and shrubs has increased in many ecosystems over the past 
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200 years in the United States and in other arid and semi-arid ecosystems around the 
world  (Archer, Schimel, & Holland, 1995).  
One woody species in particular that has gained national concern is the Juniperus 
virginiana, eastern red cedar, a native species in the Great Plains, has been associated 
with changes in ecosystem functioning and landscape cover (Hornecastle, Hellgren, 
Mayer, Engle, & Leslie, 2004). Since 1965, eastern red cedar volume has increased by 
23,000 percent in Kansas alone, which presents an opportunity for the utilization of forest 
products, but also raises concerns about woody encroachment into grasslands and 
changing wildlife habitat  (Price et al., 2010). Seeds of eastern red cedar are primarily 
avian dispersed, which may contribute to its rapid expansion into grasslands (Ortmann, 
Stubbendieck, Masters, Pfeiffer, & Bragg, 1998). The species range extends from the 
Great Plains to the East Coast and is found in every state east of the 100th meridian (Van 
Haverbeke and Read, 1976).  
This now widely distributed species was once limited to rocky bluffs, deep 
canyons and other areas where grassland fires historically did not reach, but since the 
beginning of European settlement in North America, fire has been suppressed, enabling 
Eastern red cedars to expand its range outside of these protected areas (Smith, 2011).  
Ecological implications of increased eastern red cedar densities on grasslands 
include reduced aboveground herbaceous biomass production, decreased plant diversity, 
reduced understory plant canopy cover, altered herbaceous plant communities shifting 
from warm-season (C4) to cool-season (C3) plants (Tunnell, Stubbendieck, Huddle, & 
Brollier, 2004), and a reduced amount of available livestock forage on rangelands 
resulting in decreased production and reduced economic return  (Wilson & Schmidt, 
1990). These effects occur within the environment with the conversion of grassland to 
 woodlands. There is an alteration in nutrient cycling, water
which drives herbaceous plant community dyna
2010).  
 
Materials and Methods 
 
Study Area 
This study was conducted 
a privately owned property located 
plots, one removal plot and one 
primarily for cattle grazing.  
 The removal plot was located 
plot, and had similar Eastern red 
ground stumps still littered the experimental plot
the trees and slash were placed into large brush piles lining 
control plot was left unaltered, reflecting the natural 
provided a comparison for the experimental plot
 
 
 
 
 
 
 
 
 use, and light penetration, 
mics  (Linm, Engle, Alford, & Hellgren, 
in northeastern Nebraska in Boyd County (
on the north bank of the Niobrara River. T
control plot, were located in a riparian woodland
approximately 200 meters away from the control 
cedar density and sizes. Branch debris and a few 
 after their removal, but the majority
the perimeter of the plot. The 
state of the eastern red cedar and 
.  
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Figure 1. Nebraska state map highlighting the study Boyd County. Sampling was 
conducted in the southeast corner of the county.  
Plot Design  
 The dimensions for both the experimental and control plots were 50x50 meters, 
approximately ¼ hectare. Within each plot, three 25 meter line transects A, B, and C ran 
from East to West, and parallel to the outer boundaries of the plot. A 12.5 meter buffer 
spacing was placed between the plot boundaries and transects to minimize the edge 
effects of the plot and also between each of the three transect lines to equally sample the 
vegetation in each plot (Figure 2).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. 
Study plot 
design for both 
experimental and control plots. Three 25 meter transect lines ran parallel to plot 
boundaries. A 12.5 m buffer was placed between plot boundaries and transects and 
individual transects. The dimensions of the study plots were  
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50x50 m.  
 
 
Field Methods 
 
The same sampling procedure was followed in both the experimental and control 
plots. Sampling occurred in 2012 (pre-removal), 2013, and 2014. 
Line-transects for vegetation sampling were set up utilizing a GPS program in 
ArcPad 8.0, a compass, a measuring tape, and a stake.  Each transects’ latitudinal and 
longitudinal starting point were located with GPS, and marked with a permanent stake for 
location in subsequent years. Once the point was located, the measuring tape was staked 
at that location. A compass was then utilized to provide guidance to ensure the tape was 
as parallel as possible to the outer plot boundaries as it extended the 25 meter distance. 
 Upon completion of the transect set up, understory vegetation coverage was 
estimated with the line intercept method (Elzinga et al., 1998). Plant species that were 
either touching or crossing the measuring tape were identified to species and the distance 
of coverage was recorded. For example, if a grass blade covered a 4 cm distance under 
the measuring tape, the corresponding cm values were recorded. If no plants were present 
for a segment of the tape, bare ground or litter was recorded. Also, species overlap was 
acceptable and the possibility of several species possessing the same spatial coverage or 
part of the same coverage frequently occurred.  
 
 
 
Data Analysis  
 Total coverage of each species of interest was summed over the three transects 
each year for the experimental and control plot, respectively. Total coverage for each 
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species was then compared visually between the experimental and control plots each year 
to determine vegetation response to the cedar removal.  
 
Results  
 
All eastern red cedar were removed from the experimental plot in July 2012. 
Canada wild rye decreased from 58 cm coverage in 2012 to 0 cm coverage in 2014 
(Figure 3a). Kentucky bluegrass and smooth brome responses are displayed in Figure 3b 
and 3c and followed very similar response and recovery patterns in the experimental plot. 
In 2012 before the eastern red cedar removal, both species had relatively high coverage.  
Kentucky bluegrass had 1161 cm of coverage and smooth brome had 736 cm of 
coverage. After the removal, both species underwent drastic coverage decreases, eliciting 
a strong response to the eastern red cedar removal. At the 2013 data collection, Kentucky 
bluegrass had 217 cm coverage and smooth brome had 42 cm coverage.  In 2014, 
however, both species coverage begins to increase resulting to 414 cm coverage for 
Kentucky bluegrass and 234 cm coverage for smooth brome. 
 
 (a). 
(b). 
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 (c). 
Figure 3. All data was observed using a line
was summed each year. (a). Comparison of Canada wild r
and control study plot over three year
in an experimental and control study p
(c). Comparison of smooth brome coverage in an experimental and control study plot 
over three years.  
 
 
 
Discussion 
 
My findings suggest that 
Kentucky bluegrass, and smooth b
coverage experienced a decline over
coverage in 2014 (Figure 3a)
of the project, so I am not able to be sure about this result. 
and smooth brome coverage, each 
second year of the study, 2013, but 
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lot over three years.  
eastern red cedar removal impacted Canada wild r
rome populations on the study site. Canada wild r
 the study duration, ending with a declining to zero 
. However, the coverage did not vary greatly for the duration 
As for the Kentucky blueg
experienced a sharp decline in species presence in the 
increased coverage from 2013 to 2014.  The initial 
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declines in the experimental plot following removal may be due to the removal activities. 
Eastern red cedars were removed with a skid-steer and tree shears, which caused high 
levels of disturbance to the topsoil and may have decreased vegetation cover. 
Additionally, trees were removed in the midst of a severe drought (July 2012), and the 
sudden exposure of vegetation to sunlight with little moisture may have also decreased 
coverage.  
Different factors were taken into account when interpreting the results for each 
species. They included determining whether the coverage trend was due to a year effect 
or an experimental effect and the life history of the species. As previously noted, during 
the first year of the study, 2012, a severe drought occurred in the Midwest, but was 
followed the next year, 2013, with relatively high precipitation. Taking the yearly climate 
into consideration when observing the graphs in Figure 3, if the coverage patterns in both 
the control and experimental plots follow similar trends such as both plots’ coverage 
declining in the drought year and increasing in the wet year could explain that the effects 
were not related to the tree removal.  
Each of the species also possessed certain life history characteristics that may 
explain why and how each responded to the tree removal. Characteristics include whether 
the species is shade tolerant or intolerant, how fast the species can recolonize after 
disturbance, and their normal, most suitable habitat location.  
 A year effect was ruled out for all three species because based on Figure 3, the 
control plot data points post-removal follow differentiating trends than the experimental 
data points do. Due to this difference, it can be inferred that some other influence was 
acting on the experimental plot causing the three species to respond a certain way, in this 
case, the removal of eastern red cedar.  
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One possible explanation why Canada wild rye responded to the tree removal this 
way could be due to the drastic change in available sunlight, inhibiting its seed 
germination due to direct sunlight and reduced soil moisture. Because of its shade 
tolerance, Canada wild rye may be best suited for use in shaded areas or riparian zones 
(NRCS, 2010). Additionally, Canada wild rye is a perennial grass. If the significant soil 
disturbance from the tree removal process removed or damaged the existing Canada wild 
rye in the experimental plot, it would not be expected to re-establish populations within 
the first several years, as opposed to Kentucky bluegrass and smooth brome, which are 
both annuals and are likely to respond positively to disturbance.  
 Compared to the experimental plot, the control plot data collections for Kentucky 
bluegrass and smooth brome followed different trends over the three-year study. From 
this, it can be inferred that there was some other influence besides a year effect that was 
acting on the species because their trends were different. Looking at the life history 
characteristics of each of these species can provide explanation for their responses. 
Kentucky bluegrass and smooth brome both have extensive underground rhizome 
systems that allow for rapid expansion. After the removal in 2012, the two species most 
likely had to redevelop their rhizome systems, which can represent the lull in the data 
during the 2013 collection and then once their systems were established led to the 
increase in coverage in 2014.  
   Assessing the effects of the removal of eastern red cedar on cattle forage is vital 
information for ranchers to know. In order to better determine whether or not the removal 
of eastern red cedars will result in an economic gain through an increase in forage, the 
experiment must be performed and monitored for several more years to come. As seen in 
Figure 3b and 3c, both species coverage was increasing in 2014, but remained below the 
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initial recording in 2012 prior to the removal. If the coverage continues to increase 
beyond the 2012 coverage, ranchers could have the opportunity to make an economic 
return whether by being able to raise more cattle or selling the grass as feed making the 
initial eastern red cedar removal investment worth it. If not, the removal may not be 
economically justifiable.  
 The research and analysis conducted does have limitations. One limitation was 
that only the cumulative coverage of each species throughout the experimental and 
control plot was analyzed. By only plotting the total coverage in each year (Figure 3), it 
may not be a very accurate representation of the species coverage changes that occurred 
during the study. A method to take the analysis of this data one step further would be to 
average the data across all three transects within the plots and determine the standard 
deviation. This would take variations in the data into consideration and the variance could 
be applied to determine whether there is any overlapping in data. If so, the data would be 
inconclusive and no effect from the experiment could be noted.  
 Further data collection is needed in order to determine if the eastern red cedar 
removal was actually worth the investment. This could be determined by whether or not 
the eastern red cedar returns faster than the grasses are able to reestablish or if there is an 
economic return on grazing forage.  
 
 
Conclusion 
 The removal of eastern red cedar appears to have an effect on cattle grazing 
forage, but depending on the species, can be either a positive or negative effect. Canada 
wild rye displayed a negative response to the removal throughout the duration of the 
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study as the Kentucky bluegrass and smooth brome coverage first declined, then shifted 
to a positive response.  
Even though two out of the three species display positive recovery trends, it is 
uncertain whether or not their coverage will continue to increase to the point that it will 
surpass the initial coverage before the removal. If the coverage does surpass the 2012 
recording and the rancher is able to make an economic return with the increased forage 
coverage, eastern red cedar removal would be justifiable and profitable. If not, however, 
the removal of eastern red cedars would be irrelevant because forage coverage will not 
increase higher than the initial coverage with the eastern red cedar in June 2012 before 
the removal and therefore no economic return would be likely.  
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(c.) 
 
 
(d.) 
 
Figure 4. (a). Pre-Eastern red cedar removal in experimental study plot, June 2012. (b). 
Post- Eastern red cedar removal in experimental study plot, July 2012. (c). Vegetative 
recovery in experimental study plot, July 2013. First year after the removal of the Eastern 
red cedars. (d). Vegetative recovery in experimental plot, July 2014. Second year after 
the removal of the Eastern red cedars.    
 
 
 
 
